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Experimental procedures 
Polyvinyl pyrrolidone (PVP, MW ~1,300,000) and Mn(CH3COO)2·4H2Owere 
purchased from Sigma-Aldrich. MWCNTs were obtained from Arkema. Ni foam (95 % 
porosity, Vale) was used as a current collector in the fabrication of supercapacitors. The 
solutions for electrospinning were prepared by dissolving 5 g Mn(CH3COO)2·4H2O into 
100 mL of 50 g L
-1 
PVP water-methanol (volume ratio 3:2) solution, with or without 
adding 0.3 g MWCNT. The nozzle-free electrospinning was carried out using a copper 
coil as spinneret and a rotating drum as collector, which were biased at +47 and -5 kV, 
respectively (Fig.S1). After collection, the electrospun nanofibers were calcined in an 
oven at 350 ºC for 12 h under air flow. The heat treatment disintegrates the fibers into a 
powder, which is washed with deionized water and ethanol several times, and is dried at 
80°C in an oven overnight. 
The obtained materials were studied by X-ray diffraction (XRD), using powder 
diffractometer (PANalytical X'Pert Pro, CuKα radiation). The microstructure was 
analyzed by a ZEISS 1550VP scanning electron microscope (SEM) at an accelerating 
voltage of 10 kV. The diameters of the electrospun fibers were measured directly from 
the SEM images using Image Pro Plus 6 software. Electrochemical performance was 
tested in 0.5 M Na2SO4 aqueous electrolyte by cyclic voltammetry(CV), electrochemical 
impedance spectroscopy (EIS) and chronopotentiometry methods, using a potentiostat 
(PARSTAT 2273, Princeton Applied Research) and charge–discharge analyzer (BST8, 
MTI Corporation). The capacitive behavior of single electrodes was studied in 
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three-electrode cells. The area of the working electrode was 1 cm
2
. The counter electrode 
was a platinum gauze, and the reference electrode was a standard calomel electrode 
(SCE). The individual electrodes and a porous polymer membrane were used for the 
fabrication of coin cells (CR2032, MTI Corporation) using a crimping machine 
(MSK-110, MTI Corporation). As for coil cell tests, the charge balance will follow the 
relationship q
+
 = q
-
. The charge stored by each electrode depends on the specific 
capacitance (C), the potential range for the charge/discharge process (∆E) and the mass 
of the electrode (m). The mass balancing could be calculated by M+/M-=C-*∆E-/C+* ∆E+. 
Based on the single electrodes tests, the optimal mass ratio is 1:3 for 
MnO2-MWCNTnanofibers and activated carbon. 
CV studies were performed at scan rates of 2-100 mV s
−1
. The integral capacitances 
CS=Q/∆VS and Cm=Q/∆Vm were calculated using half the integrated area of the CV 
curve to calculate the charge Q, and subsequently dividing the charge Q by the width of 
the potential window ∆V and electrode area S or total active mass m. The alternating 
current measurements of complex impedance Z*=Z'-iZ'' were performed in the 
frequency range of 10 mHz to 100 kHz at the amplitude of the signal of 5mV. The 
complex differential capacitance C*=C'-iC'' was calculated from the impedance data as 
C'=Z''/ω|Z|
2
 and CS''=Z'/ω|Z|2, where ω=2πf, and f is the frequency. Relaxation 
frequency corresponds to the maximum of C’’. The frequency at the maximum of C’’ (f0) 
leads to the relaxation time, which τ= 1/ f0. 
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Figure S1 Laminar Heated Rotating Drum Nozzle-free Electrospinning Setup. The 
electrospinning solution was loaded into a circular PTFE bath with a rectangular cutout 
of 30 x 50 x 12 mm
3
, and then picked up using a copper coil as the spinneret (23 mm in 
diameter and 48 mm long with 4 rings in the middle). The drum collector was constantly 
rotated at a speed of 500 RPM. It was placed150 mm above the coil spinneret. The 
showerhead is centered along the same axis of the drum collector and the 
electrospinning solution, providing a uniform heat flow along the region. During the 
process, the entire system is heated via a rectangular laminar flow with an air flow rate 
of 0.6 m s
-1
. The compressed air is heated by passing through a Barnstead Thermolyne 
21100 Tube Furnace filled with alumina balls to increase the heat transfer surface. The 
hot gas was transferred to a rectangular showerheaddiffuser placed above the collector 
drum by a flexible tube that was wrapped in heat tape and heat insulation to minimize 
wasted heat. The use of the furnace and heat tape allows for the control of the 
temperature of the collector from room temperature to 135 °C. Photo was taken by 
Miguel Gonzalez, a Caltech undergraduate.  
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Figure S2 SEM images of electrospun A) pure PVP and B) PVP-MWCNT (5 wt%) 
nanofibers. 
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Figure S3 Sedimentation tests of (a) 3 g L
-1
 MWCNT, (b) 3 g L
-1
 MWCNT with 50 g 
L
-1
PVP, and (c) 3 g L
-1
 MWCNT and 50 g L
-1
Mn(CH3COO)2·4H2O with 50 g L
-1
PVP in 
a mixture solvent of water-methanol (volume ratio 3:2) for 2 hr after ultrasonication. 
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Figure S4 Cs’’ calculated from the impedance data) for a) MnO2 and b) MnO2-MWCNT 
nanofibers, respectively. 
  
S-8 
 
 
 
Figure S5 A) Capacitance retention versus cycle number, inset shows corresponding CVs 
at a scan rate of 50 mV s
-1
, B) Nyquist plot of complex impedance, inset shows high 
frequency range, C) Cs' and Cm' and (D) Cs'' and Cm'' versus frequency after (a)1
st
, 
(b)250
th
, (c) 500
th
, (d)750
th
, (e)1000
th
 cycles for the MnO2-MWCNT nanofibers 
electrode with mass loading of 20 mg cm
-2
. 
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Figure S6 CVs of MnO2-MWCNTnanofibers and activated carbon at a scan rate of 5 
mV s
-1
 in different potential ranges. The electrolyte was 0.5 M Na2SO4.   
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Figure S7 A) Charge-discharge curves at current densities of (a) 2, (b) 4, (c) 8, (d) 10, (e) 
15 and (f) 20 mA cm
-2
and (B) Ccm and Ccs calculated from the discharge curves versus 
current density for supercapacitor cells based on MnO2-MWCNTnanofibers.  
 
